DNA sequences which have structural features suggestive of their functioning as an origin of lytic-phase DNA replication were previously identified in both human herpesvirus 6B strain Z29 [HHV-6B (Z29)] and in HHV-6A (U1102). Plasmid constructs containing the putative HHV-6B (Z29) oriLyt element were replicated after transfection into permissive T cells, when trans-acting factors were provided by HHV-6B (R-1) infection. By using this assay, the HHV-6B (Z29) oriLyt was mapped to a minimal region of approximately 400 bp which lies upstream of the gene that is homologous to herpes simplex virus UL29, a region that carries an origin in other betaherpesviruses and in some alphaherpesviruses.
Human herpesvirus 6 (HHV-6) is a lymphotropic betaherpesvirus that was initially isolated from individuals with AIDS and was subsequently shown to be a ubiquitous human pathogen (28, 29, 38) . Primary HHV-6 infection occurs within the first 3 years of life and is frequently associated with roseola and other febrile illnesses (28, 38) . Recently, two distinct viral variants, HHV-6A and -6B, were identified on the basis of phenotypic, antigenic, and genetic criteria (1, 2, 12, 30) . Although the two variants share approximately 90 to 96% sequence identity (5, 10, 11, 15, 27) , differences between HHV-6A and -6B in terms of distribution, sequelae, and pathogenesis of infection may exist (13) .
HHV-6 has been shown to be quite closely related to human cytomegalovirus (HCMV) in terms of its genomic organization and DNA sequence (10, 11, 22, 26) . The overall similarity and colinearity of the genome of HHV-6 with the unique long region of HCMV suggested the possibility that the viral origins of DNA replication might be located in equivalent positions. In fact, intergenic DNA sequences from a region of the HHV-6B strain Z29 [HHV-6B (Z29)] genome which is located at a site corresponding to the HCMV oriLyt were previously shown to be highly AT rich, and it was suggested that this region might indeed correspond to the HHV-6 oriLyt (1 1). A similar ori-like DNA element was also noted at the same location in HHV-6A strain U1102 (16, 21) .
In light of these findings, we decided to carry out functional assays to determine whether this region of HHV-6B DNA could act as a DNA replication origin. We therefore performed transient plasmid replication assays, initially using a plasmid (pH6Z-108) that contains the intact 10.9-kb BamHI-F fragment of HHV-6B (Z29) (11) .
Briefly, equimolar amounts of cesium chloride-banded plasmid DNAs were introduced into both HHV-6B-infected and naive J-Jahn T cells by electroporation, and extrachromosomal DNA was harvested 4 days later by using a modified Hirt protocol (19) . Parallel control transfections were performed with pBluescript vector alone (Stratagene), and all analyses were repeated at least twice to ensure reproducibility. Extrachromosomal DNAs were subjected to DpnI digestion (to * Corresponding author. eliminate unreplicated input DNA) and to XhoI digestion (to linearize the plasmid). Southern blot analysis was then performed with radiolabeled pBluescript probe DNA.
These studies revealed that pH6Z-108 (designated p108 in Fig. 1 ) was indeed replicated in HHV-6-infected J-Jahn cells but not in uninfected control cells (not shown). In light of this, we prepared deletion constructs from pH6Z-108 and tested their activity in our transient replication assay. These experiments are summarized in Fig. 1 .
Figure lA demonstrates that three of the deletion constructs (pl-08z2, -A6, and -A7) were replicated very efficiently in HHV-6-infected J-Jahn cells but not in uninfected control cells. Two Fig. IA) . In particular, the 3-auxiliary domain was required for optimal replication (compare lanes plO8A8 and p108A6 in Fig. IA) .
Since herpesvirus genomic DNA replication is believed to proceed via a rolling-circle mechanism, with the production of concatameric arrays of progeny genomes (7), we analyzed the structures of plasmid-derived replication products by partial restriction endonuclease digestion (Fig. 2) . Briefly, we performed a standard transient replication assay using plO8A2, but plasmid-derived replication products were either electrophoresed and blotted immediately after DpnI treatment ( which there are no sites in the construct but several sites in the surrounding region of the HHV-6B genome, replicated plasmid DNA remained in a high-molecular-weight, DpnI-resistant form (Fig. 2, lane 6 ). Parallel digestions with full-length pH6Z-108 verified that BglII was indeed active under the conditions used (data not shown). Thus, all test plasmids replicated autonomously and not by integration into the viral genome.
Previous sequence analysis of the 1,367-bp HHV-6B intergenic region between the KA2L (major DNA-binding protein) and KA3L open reading frames revealed the presence of three distinct DNA sequence elements (11) . The intergenic region is unusually AT rich (only 32.2% GC overall), and it is centered around two imperfect direct repeats of 192 and 187 bp (domain II; Fig. 1B) . The analyses presented here indicate that only the 5'-flanking region (domain I) is absolutely required for origin function, while the central imperfect direct repeat-containing region (domain II) appears to function as the major auxiliary region and enhances origin function considerably. Domain III is completely dispensable for origin function in our assay system (Fig. 1B) .
In order to gain more insight into possible structural features within this region of HHV-6B DNA, we used the Thermodyn algorithm to analyze sequences contained within pH6Z-108 and pIO8A2 (Fig. 3) . This computer program generates a prediction of DNA helical stability, rather than simply calculating A+T content (24, 25) . It therefore allows one to take into account the primary DNA sequence as well as the stacking interactions that occur between neighboring bases. As shown in Fig. 3 , at least one potential DNA-unwinding element (DUE) is present in the 3'-auxiliary domain of the HHV-6B oriLyt region (circled).
DUEs may promote DNA replication by acting as binding and/or opening sites for viral and/or cellular trans-acting proteins and often correlate with sites of hypersensitivity to single-strand-specific nuclease (24, 25) . It was therefore somewhat surprising that the predicted DUE in HHV-6B oriLyt lies within the 3'-auxiliary region and outside the functionally defined minimal origin (Fig. 3 ). It will be of interest to examine what role (if any) this putative DUE may play in the activity of HHV-6B oriLyt.
Overall, the HHV-6B oriLyt appears to be quite different from other herpesvirus lytic-phase origins of DNA replication (3, 4, 17, 18, 23, 35, 36) . Unlike Epstein-Barr virus oriLyt (17) , the fully active HHV-6 oriLyt is monopartite, consisting of a minimal essential region that is flanked by auxiliary domains on either side. HHV-6 oriLyt is also less structurally complex than the HCMV oriLyt (3, 4, 18, 23) and contains no obvious dyad symmetry elements and relatively few potential transcription factor binding sites (11) . It is possible, however, that the imperfect direct repeats of HHV-6 oriLyt may prove to function as transcriptional enhancer elements and/or as binding sites for cellular and/or viral factors.
The structural differences between HCMV oriLyt and HHV-6 oriLyt may reflect the fact that, unlike HCMV (9), HHV-6 encodes homologs both of the herpes simplex virus type 1 UL9 origin-binding protein (OBP) (10) and of the human adeno-associated virus type 2 rep gene product, which is required for initiation of parvovirus DNA replication (34) . Preliminary results indicate that the protein product of the HHV-6 UL9 homolog can bind specifically to two sequence elements which are located between coordinates 4861 and 4883 and coordinates 4917 and 4939 in BamHI-F and are part of a sequence with overall similarity to the OBP binding regions of alphaherpesviruses (20) . These OBP binding sites therefore lie within the minimal active origin region of HHV-6B oriLyt (Fig. 1) , which suggests that HHV-6 oriLyt is structurally reminiscent of replication origins from Saccharomyces cerevisiae, in that it contains a consensus protein binding site that lies 3' to a potential DUE (24) .
Interestingly, the region which we have identified as HHV-6B oriLyt also corresponds to a DNA segment which can become linearly amplified during in vitro passage of some strains of HHV-6B (33) . This sequence amplification was detected in two of approximately 30 preparations of HHV-6B (Z29) DNA that were obtained over a period of 5 years. The amplimer unit length differs slightly between the two preparations, and up to 12 tandem DNA units can be detected upon Southern blot analysis, with the smaller forms predominating. We are not aware of similar observations for HHV-6A or for other HHV-6B isolates (33) . Nonetheless, this observation suggests the possibility that there may be a biological selection for some HHV-6B strains which have undergone linear amplification of oriLyt during propagation in tissue culture. Future studies will therefore assess whether amplification of oriLyt might lead to enhanced DNA replication.
Finally, the mapping of a lytic-phase origin in HHV-6B makes possible a number of future studies which should shed considerable light on the biology of HHV-6. These include the identification of HHV-6 proteins which are required for genome replication (7, 8, 37) , the construction of HHV-6-based amplicons (32) , and perhaps the development of HHV-6-based gene transfer vectors (14) . NOTES 
